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if-o^-z*. iff laiHitgp ^ # © % , mmmttft u t m zm^-m&L msp & 
i&fan r n x ^ * ;i/=¥ - ©tfffasT-^^ffi 2 ti z> j: e> k j£S>3ift3!*-"HgiRtt 

# £ l&IB® tt*a*igtt IC m^k-t 2> Z. £. £ h 1" £ v y fcf > ^i£g 5: fit * 
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& £ f&S3 zf 5 X^E > n x x * ;i/ O WSMttttlfc & £ ti & «fc e> ic^jg 
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a&IS2#«^tefflfflS&Mv*T 2&«^&l£fc£:, * fc&fufEZ n > h vX htfcffi 
ftXi&g3&g£&i!l5£U 

mmmm^mw: jc*a*-r * z-tz ftm-? ?\£y rmu & & 
* fc tm # ^Mist't^ $ ti x v ^ & r t & 4#$c iits <y\i> if mm. 

ft®, n -t Z> niM V V \Z > ^tto 

o] 

1/ > X#*^«5 u > X i: i^ > X-x**^ $ ti x v % £ z: H £ ^ £ 

i mm<D^m^ ymmz &^x 
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[fPIOMflfctfc^] 

[0 0 0 1] 
[0 0 0 2] 

>jgS<£>M^icifcNM (^-y*-h;v) C?)^115:aMLfe#^i:^oTV\^ 0 3 
©#14 £ € < 1" S ? tc & o T v £ «/.Mg*Sc & £ 3 i: liMM 

[0 0 0 3] 

bTtt, jfeaEMW^StSI* (Scanning Electron 
Microscope: SEM), ^iiMft^^^i^ (Transmission Electron Microscope: 
T EM), feMMifkM^^f-Mffi.^ (Scanning Transmission Electron Microscope 
: STEM) ± J * - % - l/^tf>£ra#fl?fi bT CD&T EM 

tSTEMT'feS. TEMfcm^lC«{2¥^cm^£Rg&f U jgjfibfcm^lR 

«fc 7C® Hi £ ^#-T 5 l£g T* & S c 
[0 0 04] 

TEMfeitfsTEM-eftffitsaatf-oanii, «^#^Lfcas#<z>¥ 

(Mn) , $ (Fe) , =i/1;i/h (Co) , ^y>r;i/ (Ni) , m (Cu) 

4 11-3089712 
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[0 0 0 5] 

&mm<Dm^ ^xm^m^m^xz^jbm^mm-r^^n-v. cr, Mn 
, Fe, co, Ni, cu©iagijtiBriB-e tftmT^s^xaisss^ss 

v * to 27* 7C« & 4# 5 K: tt« v > i« m# X «t#tfr ttftTt 

So 

[0 0 0 6] 

^tFf-TSm^-aitWl/^r-^^^SS (Electron Energy Loss Spectroscopy: 
EELS) m^-ttttW^agai-SBRK:, SW&fll&^TcSRCm^flBS) 

2 r^^m £o<£^hfc:J;^ TEM/STEMfiltttiMtSIil^tS*^ 

5 U^l/fciBSOW^^ Sr2c#)frgf (Parallel detection Electron 

Energy Loss Spectrometer : PEELS) Zffi&'£fr>- : &tt&lZ J: *) , Ja < ffi ^ 

[0 0 0 7] 

peels tejps!tf>?«-& * * - zm-T-frytm n u 4 u 

5, 4iiill/>XliEELS^^h^C!)7*-*^©IIi:v EELS* 
[0 0 0 8] 

P EE L S<DMmzm-t2>9tfmffi£ L,T«, #B!#fFfl4,743,756 
#^¥7-21966^$g, #BB¥7-21967^*, *#gW7-29544-!§-43t# 
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[0 0 0 9] 

t*0PE E L S STEM^l^tfeMilt'H (1) 
8Qlj£*ffi©*iJ£-» (2) 7C^(Z)ti^-* (3) 

(5) /ty^d^tf > KfH«©*B}£-» (6) y^-n-^Ef;!/ (I=A* Exp 
C-r] ) W7^^7'»K7^)/f>^iM^ (7) >>y^;i/3&K 

<Dm&M%i<Dmfe-* (8) M€«mT©jg^^©e/^;i/^$:tuSB®#^ 

^ £ § tc & #13 *<&5I i: & U Iff Wt ^fg#*Plti## & d i: li. Hit 
-£&£o it J^T' E E L S 7 ^ ^ h ;!/ 5: »^ U (2) — (7) 

[0 0 10] 

So 

[0 0 1 1] 

T EM/ST EM^T*m^fg£*Te>fctf>> ##tM^ (MMfcKfcS-ffcK©!*®) 

£ T* , IC ff-» L ^ V *fg« # * tl X ^ 3 3^¥U£ ifi T* £ V a 0 

[0 0 12] 

(B) MAli, ftffim*£<D 2fcft&*:'&Z>MZ* EELS^^i' h^ISi: 
*jW£j&T?a&H*l/fc (1) ~ (8) ©tfctfstf&Efc&lK $I/£i:8¥#Hc#<©B£ 

[0 0 13] 

o 
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[0014] 

JglC. m$k(DP E E L S £ S TEM^i^tfcMifitH /aV^B<£> 
EE L S*^* h;i/**&, ffa.^EELS^^^ h JVt. 7? SrMST'^ £ «fc Z> tC. 
4S1l<E>«^l'>X£:ffi^T*^ h;i/©f&sp&T»r^{CL-TV^,, 
[0 0 15] 

PEEL S t S T EM?:«*^ti-&fcMSfit'7C*Mt?:ll#tS^ 
m^l^^X^m^^^m^CO^ttliS X 1 O^gltfei. STEM 
100kV~2 0 0 k V*£&S3£^e>> EEL S^^^ h )V(D^ 
gttii0.5~leVt*S. PE E L SlCi3^T7t;^^^^$:#S«^ 0.2 
~o.4 e v/^>*;i/-e$ff5£t-£fc#>, ^*iCE E L SX^^ h;i/^tS[^ 

FU 7 V°?Z>ZLH\Zt£Z> 0 bfc^ot, »PEELSt 
S T EM5:§^t»*fe^St*||I§^t EEL S*^? h /b £ L «fc ? h 
btt), E E LS^^^ h)V(D KU 7 b<Dt~&®m'V$>Z>t.^?MM-&%>Z> B 
[0 0 16] 

ttc. topeelsh ^©4M^m^i/>x, 6ii«ii/>x, m 

[0 0 17] 

PEEL S^^iCtSiC©!^ ACy^TXI^^^S, #£PMfifc£tf>^ 
[0 0 18] 

^©^^m^mMosTEMii^^^tfJT'm^-iiM©^^^^ 

5£t*JlC2#C«^&^\ Z=3> b3£^, gfeteXttSfcft, PEELSW 

y L- £ tz. & ^ ES9# o fr& v * £ v ^ o WBj^ & £ . 

[0 0 19] 

a±ffli^ ICPEELS^S T EM$:jffi*^i±^:^*fagT*ll^r^T7C^ 
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[0 0 2 0] 

*mm<DB$lte* PEELS £ STEM*m&&£>-&fcft%t^nX~mi%fflT~7t 
[0 0 2 1] 

BW\$. PEELSRZf/£t~l,ZSTEMizm?2>frffim 
fi tf>MM4 £ fa±"? 3 r tlZ $> Z> 0 
[0 0 2 2] 

[0 0 2 3] 

ate *^ii©fi©iwn znt.M&miMimn^mwMzm&'Sfr^ eels 
mnmmtfm e> n & v^y ^ts ^ * ;i/ - -7 >r ;i/ # £ «t t>\ ;i *x & fit 

[0 0 2 4] 

[g&s & 3 #> ©#a] 

[0 0 2 5] 

5c3R<Z)JB^(3 )*^IR©x*;i/^-^li^&«^«l«ffi»T^ U-» (4 ) 

&ffigp<3D^y ? If^yy K»IE£$*>f >fc»IEU-» (5) K1S« 
<Z>*l5£-> (6) rv'y-n-^T^ ( I = A* Exp [-r] ) m<DAv V V'y*? 

y F7^f vryrmmzftfe-* (7) y>f+;i&m<Dm.ftffi.®<Di%%.^ (8) sot 

8 £BfiE4#¥ 11-3089712 
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-if- (Sfcf£#) tf, (1) M^l^Otl^^ (2) 5tMS?:fie)rfcT', 
[0 0 2 6] 

[0 0 2 7] 

l/>X©«»£:J£ffi (5X1 0" 6 ) Z.tfMLT2ffi&i±&fcLX^&o 

7 M: 7C*^3ftr«E«l3t^#T? 0.1 -V > * /bJKT tc<£$c nTfg £ & * . 
[0 0 2 8] 

*x*;i/^-£^-#-/<-;*fr£#fc©tK t^SiiS^ffia&n? 
nxx*/l/^-©«^»#*ms*i* «fc 3 B»»tC|MgU 

sp-em^&j^s-f -siiiiwc, *i3£7c*©3Tn^x*^/^-©iet&hii[|fe© 

9 £BIE#¥ 11-3089712 



1 1 — 000098 



[0 0 2 9] 

( i = a* Exp [- r] ) ^tcg^^T, nrn^.3i^.;i/dr-tt:^(D«^- 

[0 0 3 0] 

lE^ffW »e>*ife«*3|g*€:^ISI^M«E*^$lfi»C"r*ii: ! fe»'5riBi:3Q;*. 

=e > n x x * ©m^sss & m-y-iiBtfe ffias^^-n^©^ > * ^/-eaue 

U v^T, «^*R«ffi«P<Z)^y Wy^y KfiiE£$*>f >*iiE&fT 

1 0 ffilE#¥ 11-3089712 



1 1 — 000098 



[0 0 3 1] 

gp 5: if n □ x £ :/ v X =e > n ;* x * ;i/ 3r - © m^-B tftfi ffi $ *i £ J: 5 tc « 
tfJSfc*.- r(Z)2o$:|iiE-r-&O^«^-^mgPMC0>'^y K, ^-f 

t- m*m&m n % v £ a ? v y ^ ? y vmrn © 5: «^-» ^sttsi 

■y > * ;u m t=. *; ©¥*lfm^S £ * «b £ . wm^l&sag £ ^ * > * ^ T*Mfe 
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[0 0 3 2] 

3ft : S.J.Pennycook and D.E.Jesson: Ultaramaicroscopy37(1991) 14— 38&CT7K 
[0 0 3 3] 

eels*** hA©7*-3t7:*#, m^^spfcM^JRtftffi^^iatcfey 

, X^IpI, Y :#IrJ £ B £H§$T"tr 7 # — btv\63i: ItQftffilk. L, EELS 
b 71/ fclftffifilS ©IS U:/X&3&U E E L S*** h;i/£tfc*?8 

»U>XT?X#fflfc Y#ft©ra^&*L<Jfc:*U m^Mttfc a 3 £ 

[0 0 3 4] 

1 2 ffiSE^^ 11-3089712 



i l — 00009a 



E E LSX^ 

[0 0 3 5] 

14<Z)^*A^Hl'>X£fflVN£r ^^T'tS. ;r*WC<}: *J. ##gt£«:E ELS 
^MS©lS^^tt^ E E L S 7 ^ b ;i/0 F 'J 7 h *VJn $ < 

[0 0 3 6] 
[0 0 3 7] 

mi a, *$&monMmic&z>rt,m-?v ify^mnm^^^^-y 

0t*feS o 01 (a) Ml (b) SHI (a) fett^-lftR 1 (Dftfa-fr 

%&t=.m (±mm) -e&5 0 #H-e&, «?isiij!i^z3>h7^hM^t 

1 3 ffiliE#¥ 1 1-308 9712 
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[0 0 3 8] 

fc«^i§2&, Mt»l^>X±M^4{Cc!:tJ^5D5T'Xlxmb. *f^>XT£P 
[0 0 3 9] 

^T-ia*fLfc«^^#U>X8 Bu«%^9 S:0^-rS„ d(Z>|»,&9 
«t?i2SMtSi:i<^ 9lC^$nXVNS3gigm^ (TEM) 

^Uil&T^fcV^ If® PEELS lii CDtM 9 8 T^M 1 O {Cig 

t>\ iffl3tStlTEELSl^^h;i/^MLt^5. #HJ£MT»tejtM?/& 
7 £$£#1/>X8T*«U OlCM^bT'|g^^i:Lfe= PEELSl^T'tt)t 

5tS<Z>iff ^Wfe IC ftfrfc t=. &> & £ o 
[0 0 4 0] 

JfeKMJcSDl[«:^^r^$:^-t-5= 1 1 ICAf* L^m^-ISte 9 0 ° 
- *HigMT«x^;i/^-^f5:® 1 2 1 1 £«^&ffi2§ 1 3 <d 

raic&y, i^tx^;i/^-^S( (x) Y^ipj^^i^D^mic^^--^^ 
h ^tem^Ht^g 1 1 (03« . 

[0 04 1] 

03 l±, &ftfrt&ffi«gl 3±\zm&Ztlf~E E LS^i' h;i/l 8©2^5t:0 

1 4 ffifE4f ¥ 11-3089712 
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I 

-V&Zo 03 (a) tt^i>lC5fc£«^£^©m«£ U± l 0 0 e V©X*;i/ 
(b) \t&&X-*Jl'*r-0 e V, lOOeV, 2 0 0 e VOtW^{iJSI±i: 

gfil 1 J: y_h^lcBBgbfc 6lit«U>Xl 4 £^T*iIE-r<5o 
[0 0 4 2] 

1 1 1 ffll^i©®«^i)!) ? 1 0 OBm©i^ leV//tmISlC*5. dtlS: 

-#x&S£jc*;i/=?-#M5i 2 £-®:£i±£fcaMc:7*-:ft;*ifflM/Bmai' 

h;n 8 &0 . 0 1 e V//i m 2 5 /tm/f f 

*>*/l/XU- h7 l/>f fem^aRtfeffiS 1 3 £LTJS^*U£0.2 5 e V/^-V 

T'2 5 0eViIil*5. 
[0 04 3] 

*ni6M©6ms«i^^>>ci 4, m+ftytmm 1 trati/>xi 5, 

n*n<»&5\Z2 5 0 eVg±DXlfei^I©^IH t^^fil 1 ftgP 

(D&mzfflfe-tz^&MMmiz 5 o o v&^inL/ ina-rs- 3*uc<fc 

[0 044] 

1 5 ffisE#¥ 1 1-30 8 9712 
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[0 0 4 5] 

tc^t^ tr>^$r^^WT^f ^»£-lc&gfc&#Hu x*;i/3r-iS3c^-## 
ic7*-*^tsz:i:t*^6 0 *<Dfc&>. 6lilli/>Xi4®»*tftl 

1/ > X 1 6 0li^± 5 X 1 0 " 6 @II?^ b t 7>t-^^f0Wl 
[0 0 4 6] 

z: ti £ t*«e^ hism vifrtsMfc & m v ^ t=. ftm-? y^y ?mw.m x * ;i/ 3 s - 7 

[0 0 4 7] 
[0 0 4 8] 

=L—*?-i$ (l) frffi5x>m*mfl-* (2) m^fcn *x*;i,^- &|B^ 
(3) PEELSiS©K'J7hfn - 7*©«£E11-* (4) Mbffit 
IS- (5) #*HK«©£j£-» (6) «^»!R*x*/b^-»£#;fri)Wj£-» (7) 
&m#J£<Z)Ay*$ r :7'7> KttlE, >f>f>*iIE^ (8) Ay * 4^ > K««© 
(9) AV-U-^Tfr (I=A* Exp [-r] ) *g(DXy Z >f5*J y 

y^y^fmm^^ do) (ii) 

[0 0 4 9] 

*»qi©|ll6«T?tt, SMWtt (1) 7C«St5M2 0 1 — (4) 
? h/l/«SM&3S2 0 4-» (5) MS1K«©*g3£"r6«!.S"e*>S^«f1!g«©*Bi£«!! 
S2 0 5{CBB#-rtl«^<, -t<Z>ffi©«Sltt, (2) l^O^i^M-fei 

1 6 ffi£E#¥ 11-3089712 
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(3) PEELSgt©F'J7bfa - ^OttffiiS-* (6) ttfflkfs 
^*fr*r-&9Lftftmk-* (7) ftffifgCA*; FWIE, >»IE 

-»(8)^y^^9 9>KM«©*l3fe-» (9) Ay-D-tfA (I=A* Exp 
C-r] ) G<DA<y9#??y F7-f y-r>£*l»ffc£Ji5t-» (1 0) 

[0 0 5 0] 

/g-V^X-tltf, H2Tf-fll^tJ:^-K:, (1) ^ff^Sr^-r^^S-e^) 

-&^7t^s:*i^i"^^2 0 1 , (2) m^-i&n * msiv^-zm^ zmrnx* 

fe5EELSf-^?:i^5^12 0 2 ) (3) FU7 hf a-^iffll 
FU 7 hfa-^©tffiIM2 0 3, (4) 7.^7 h;i/tfS 
^i--5>^a.ST**>-5^^^ h;i/5S^S2 0 4, (5) ##r£RJ£tf>*gj£-3- S^IT' 

[0 0 5 1] 

se jc, (6) ntt&x^*fr*-&&tt*mtt*fcto<omfe9m2.Q 6 

tt, #C©*&3 2 0 ITbmmmz 1 0 UiSLT^fT StlS. * I 2 . 
SMtS^aT^S^^^ WUfc^&ai 2 0 7, h^M12 0 6 1C 

=b^Vx 0 (8) J\yV V^ttl/ F*iE2 0 8T&, *y * # > F««©»5£ 

[0 0 5 2] 

&^CD^#£tmi-<5#L3 2 0 9T'tt, S/^^/»«©*^«©#ISS:tf "5 

2 1 OtffrfcfU ^7LTV^j:V^ (HtONO) tt, M2 0 T\MZ> 0 tc 
7LTV^|§-£ (H^OYES) It. I^12 0 6©^(CSt^^^T, (11) 

1 7 miE#¥ 11-3089712 
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[0 0 5 3] 

t>^;i/K'J7ht5c fu^©:fcll;^#l£ffl^*U£, EELS^^^ 
;i/3r-3c5£4£#± 1X1 0~ 8 ;gS M^^^^^^^-M^lf-^O 

[0 0 54] 

04 (a) {C^-r<fc^{C. 3TPXtr-^ 2 7(Dttitf (^l/^-f >K72 8) 
(sK* htf -f > 9) ©^H^r^n-^ti 1 ^-f y Kfc lt37D^ 

h;i/$rM^-r-g>*-ir (2 *7 > , t>4 y KtfCDffii: 2 ^ w > KtfH 

©x*/l/^- <5&K#&*. *HJfi«tt, 010f-5!- / <-7>2 4± 

PEELST'lilS©^ m^^^SEft-rSifcKlJ:*^^^ Yfr(D3L% 
[0 0 5 5] 

^-^^-X 2 4 tt, #fc^lC*f/^L/fe, 37DXiU^- (eV) i;?^ 

y\*vm (^-v>*;h&) , 7>r>K7©r4PS (^>*;i/$c) o^^-* 
*;p^-icws-r&«ffi£fri;&nb, 5 s -* -^-x 2 4 <d w > Ktfffifc 
i^H^»IIit2 3-e«^»tftffi*i smmo^y tf^^y Ytv^y 

1 8 mfE4W 11-3089712 
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[0 0 5 6] 

04 (b) 1:^^X3-?^ >K^Mt€>. m3*m^TmmLfc2y>( 
>F?'&mi&. f-? / <-^2 4lj:, nyn^i*^^- (eV) £tf-f>K# 

©raPi^^^-^^W^-^ffl^ 1 3 1C^T««)T (®4(b)#m) , EELS 

U*£Vi&x.*fr3r-M<D2 > Ktf (^H >K^3 0, ^b2^^f> 
K^3 1) (0«^»SaSS:^^-n- s E"7 s -n/ ( I =A* E x p [- r] ) IC^o 
TIIU nrn^i'Jilx^^-I© l tf-f y Ktf ©Ay vy^V* F3 2 

K#*&SUrL-fcAs/**7*>K3 2£6[V^MJII£:M^t^e2 5 iC^f 
&„ IIiS2 3^f)©Wif 1 0 imil 0 3 5:^11, 

[0 0 5 7] 

1 9 £BSE#¥ 1 1-308 9712 
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[0 0 5 8] 

?-$-s<-x 2 4 ic-g-^tiSnynxtT-* 2 7©fi©Mi:ltii, ^ 

(F e) EL2:721eV, EL3:708eV, 2 >f > : 

Wl : 5 0f AW: 4f^>^^ W2 : 5 0ft>^;i/, 3?>f> 

F^ffi : W 1 : 2 5-^>*;i/, AW 1 2 : 0?-V>*)l, W2 : 25f1?>^ 

Jl, AW2 3 : 2^Y>*;i/, W3 : 5 0 ^-V ? W > K^©ipS 

(w) £igpg (aw) «^-^>^>n/|S:(Z)f^t)y {cai^^^-iiis-e^^vNe 

[0 0 59] 

X^>n^l^-^ 3 5, gHfcS/U H>tCBB^L/fe^^X ; E>n^lf-^ 360J: 
yU*<DV-tmtem<. 2~5eViI^©T% «^»«im#J:T?li8~2 0 
, H^fflP E EL ST*&SlttlZ>y!>K&mmVt~<D-t)\ EELS^^^hMK 

[0 0 6 0] 

•ftll 7eV, 19eV, 2 3 e Vtr&5 0 "5 s - # XlCWu X^E^ 
-?:E si :17eV, W:l 0^>*;i/Eg iN : 19eV, W: 10ff> 
E siQ :2 3eV, W : 1 0 ^ y %)\, £5tm bt < . ^ >f > K?©*! 

(W) ii*^:/*;i/|fc£>fS;by icx*/i/3f-(BT?*»&VN. 

[0 0 6 1] 

2 0 ffiSE^ 5 ? 11-3089712 



11—000098 
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y Ktf 3 9 »ftS/U 3>9>f >-K4 0 3^&©^lStt»&if 

[0 0 6 2] 

[0 0 6 3] 
[0 0 6 4] 

y^X^E^D Xbf-^ 3 3^^S: 1 oO^^X^E > 9 ^ > F?4 1 £ b 

T. -tfnnxtr-* 3 7 (cifan*^w > k^4 2£tg5g-r&£, ifnn^Btft 

+z/^x=ey&m cm&L^n^t&^siSO v7^x=EyuxLt=.n*ffimmz 

[0 0 6 5] 

2 1 £BSE#¥ 11-3089712 
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[0 0 6 6] 

bfcfiNg (27£«^-, .Sifi^, Z3>h7^h, m^fcX^, EELS^^h 
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